Abstract: N-Metallated azomethine ylide generated from methyl (E)-N-benzylideneglycinate, LiBr and triethylamine underwent cycloaddition to quinolyl , -unsaturated ketones with excellent diastereoselectivity to afford new functionalised 3-pyrrolidinylquinoline derivatives.
INTRODUCTION
Quinolines derivatives have attracted considerable interest for many years due to their presence in the skeleton of a large number of bioactive compounds and natural products [1] . For example, quinoline alkaloids, such as quinine, chloroquine, mefloquine and amodiaquine, are used as efficient drugs for the treatment of malaria [2] .
On the other hand 1,3-dipolar cycloaddition reactions of azomethine ylides with olefinic dipolarophiles had resulted in a number of novel heterocyclic scaffolds which are particularly useful for the creation of diverse chemical libraries of drug-like molecules for biological screening [3] . Functionalized pyrrolidine containing compounds are also of significant importance because of their biological activities and widespread employment in catalysis [4] .
The coupling of this chemical entity with quinoline unit might as well be envisioned to bring with some biological activities. In this context, some limited investigations have been carried out which involved the combination of the quinolyl moiety and the pyrrolidine unit.
As a part of our program related to the preparation and biological evaluation of quinolyl derivatives [5], we have recently described a practical and an efficient synthesis of some 3-pyrrolidinylquinoline derivatives from quinolinyl , -unsaturated esters as starting materials via 1,3-dipolar cycloaddition [6] . In a continuation of our efforts in this area, we report here an efficient procedure for the preparation of new pyrrolidine derivatives bearing a quinoline ring at C-3, *Address correspondence to this author at the Laboratoire des Produits Naturels d'Origine Végétale et de Synthèse Organique, Faculté des Sciences Exactes, Campus de Chaabat Ersas, Université Mentouri-Constantine, 25000, Algeria; Tel/Fax: 00 213 (0)31 81 88 62; E-mail: abelbelfaitah@yahoo.fr aroyl or acetyl group at C-4, and a phenyl substituent at C-5 via an 1,3-dipolar cycloaddition reaction of a stabilized metallo-azomethine ylide to quinolinyl , -unsaturated ketones [7] .
RESULTS AND DISCUSSION
Starting from the corresponding 2-chloro-3-formylquinoline derivatives 1, chalcones 2a-2h were synthesized by Claisen-Schmidt condensation reactions of appropriately substituted acetophenone in ethanol in the presence of 10% of aqueous NaOH [8] . The methylketone derivatives 2i-2j were prepared from the aldehydes 1 via a Wittig reaction using methyl(triphenylphosphoranylidene) acetate and were obtained in good yields (Scheme 1).
The E-configurated dipolarophiles (2a-2j) reacted with azomethine ylide, generated from methyl (E)-Nbenzylideneglycinate in the presence of LiBr and triethylamine at room temperature, employing dry THF as the solvent (Scheme 2).
In accordance with literature reports [9, 10] , this 1,3-dipolar cycloaddition reaction of the in situ generated metallo-azomethine ylide, exhibited high regio and stereoselectivity leading to the expected syn-endo cycloadduct (3a-3j).
All results reported below shown that pyrrolidines were obtained with conservation of the stereochemistry of starting alkenes [11] , giving only one diastereoisomer with no evidence of any other isomers in the 1 H NMR spectra of the crude products ( Table 1) .
The structure of compounds 3a-3j has been established by analogy and by comparison of their 1 H NMR with those reported [12] . The shielding of the protons of the methyl connected to the aroyl group attached at C-4 by the adjacent 5-phenyl ring ( =1.83 ppm) confirms the regiochemistry and demonstrated the 4,5-cis configuration relationship [6, 13] . 
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ArCH=NCH 2 CO 2 Me, THF Scheme 2. Synthesis of quinolylpyrrolidine N-H derivatives (3a-3j). The structure of compound 3a, as representative example, was elucidated by detailed NMR studies ( Table 2) . The 1 H and 13 C NMR assignments were made on the basis of high-field one and two-dimensional methods (HSQC, COSY, and NOESY H, H). The '2,4,5-cis' configuration of these pyrrolidines was confirmed by the observed NOE enhancement between the two pairs (H-2 and H-5) and (H-2 and H-4) ( Table 2) .
X-ray crystallography of 3e (Fig. 1) showed an asymmetric unit which contains two independent molecules and the analysis demonstrate that the two stereoisomers have for each one, the absolute stereochemistry (2S,3R,4S,5R) and (2R,3S,4R,5S) of the new stereocenters created in the cycloaddition reactions [14] . Fig. (1) . ORTEP of asymmetric unit of compound 3e which contains two independent molecules projection down (010).
CONCLUSIONS
In conclusion, we report herein an efficient approach to 3-pyrrolidinylquinoline derivatives that exploits [3+2] cycloaddition reactions of azomethine ylides. This approach allows a diverse range of compounds to be generated in good yield and the pharmacological actions of the new pyrrolidine derivatives will be inspected afterwards.
EXPERIMENTAL SECTION

General Information
THF was freshly distilled from sodium/benzophenone, POCl 3 and CH 2 Cl 2 from P 2 O 5 , DMF was kept for few hours over CaCl 2 and distilled from CaO and DME from NaH. EtOH was distilled from magnesium. Melting points were determined on an Electrothermal Digital Melting Points Apparatus IA 9200 and are uncorrected. I.R spectra were performed on Shimadzu FT IR-8201 PC spectrophotometer and Perkin Elmer Spectrum One (FT-IR) spectrophotometer with a universal ATR sampling accessory. NMR spectra were recorded in CDCl 3 on a Brüker Avance DPX250 or Brüker Avance DMX300 spectrometer. Chemical shifts ( ) are given in ppm and J values in Hertz (Hz). column chromatography was performed on Merck silica gel (60, particle size 0.063-0.2 mm) using CHCl 3 or CH 2 Cl 2 as eluent. Thin layer chromatography (TLC) was carried out on precoated Merck silica gel aluminium sheets 60 F 254 . HRMS data were obtained on spectrometer MAT 311 (Centre Régional de Mesures Physiques de l'Ouest). X-Ray crystallographic analysis was performed with an Enraf-Nonius KAPPA CCD at 293 K using Mo K radiation ( = 0.71073 Å).
Substituted 2-chloroquinolyl-3-carbaldehydes have been synthesized according to reported methods [15] . Methyl benzylidene aminoacetate is obtained by treatment of benzaldehyde with methyl glycinate hydrochloride in basic medium [16] .
General Method for the Synthesis of Chalcone Derivatives (2a-2h)
To a solution of 10% NaOH (520 mg, 13 mmol) in 95% ethanol (20 mL) was added 500 mg (2.61 mmol) of 2-chloro-3-formylquinoline and the acetophenone derivative (1.0 eq., 2.61 mmol). The mixture was stirred at 25 °C for 24 h. The contents were then cooled and poured into cold water then neutralized with dilute HCl. The solid obtained was filtered, washed, and dried on air to afford the crude chalcone.
(E)-3-(2-Chloro-8-methylquinolin-3-yl)-1-o-tolylprop-2-en-1-one (2a 
(E)-3-(2-Chloroquinolin-3-yl)-1-o-tolylprop-2-en-1-one (2b)
Yd 88% 
General Procedure for the Preparation of Methyl(vinylquinoline) Ketone Derivatives
A suspension of the ylide Ph 3 P=CHCOMe (313 mg, 1.1 mmol) and the 2-chloro-3-formylquinoline (191.5 mg, 1.0 mmol) in DME (10 mL) was refluxing for three hours. After cooling to room temperature, the mixture was filtered and the filtrate was condensed under reduced pressure. The residue was then purified by column chromatography over silica gel (CH 2 Cl 2 ) to give the olefinic product. -6-methylquinolin-3-yl)but-3-en-2-one (2i 
(E)-4-(2-Chloro
General Procedure for the Preparation of Quinolylpyrrolidine N-H Derivatives
To 1.5 eq. of lithium bromide dissolved in dry THF (e.g 0.5 g in 40 mL) was added, under magnetic stirring and at room temperature, 1 eq. of benzylidene glycine imine, 1 eq. of substituted quinolyl , -unsaturated ketone derivative and 1.2 eq. of dry Et 3 N. The reaction mixture was kept under stirring, at room temperature and the progress of the reaction was monitored by TLC still disappearance of starting product. The mixture was diluted with ether (15 mL) and work up by treatment with saturated aqueous ammonium chloride (10 mL). The organic layers were separated and dried over anhydrous MgSO 4 . The filtrate was concentrated under reduced pressure and the residue was subjected to column chromatography on silica gel using CHCl 3 as eluent to afford pure product.
Methyl 4-(2-methylbenzoyl)-3-(2-chloro-8-methylquinolin-3-yl)-5-phenylpyrrolidine-2-carboxylate (3a)
Yield 70%. R f (CHCl 3 ): 0.34. Mp 74-76 °C. IR (ATR) 3332, 2953, 1737, 1678, 1574, 1479, 1455, 1372, 1335, 1239, 753 cm -1 . 1 H NMR (300 MHz, CDCl 3 ) 8.26 (s, 1H), 7.69 (d, J=8.1, 1H), 7.57 (d, J=6.9, 1H), 7.46 (m, 2H), 7.27 (td, J=7.5, J=1.3, 1H), 7.16-7.02 (m, 6H), 6.99 (d, J=7.5, 1H), 4.96 (d, J=8.1, 1H) 
Methyl 4-(2-methylbenzoyl)-3-(2-chloroquinolin-3-yl)-5-phenylpyrrolidine-2-carboxylate (3b)
Yield 58%. R f (CHCl 3 ): 0.34. Mp 79-81 °C. IR (ATR) 3347, 2926, 1735, 1676, 1567, 1488, 1454, 1331, 1202, 1133, 731 3336, 2952, 1736, 1677, 1597, 1494, 1338, 1215, 1129, 1044, 731 cm -1 . 1 H NMR (300 MHz, CDCl 3 ) 8.21 (s, 1H), 7.93 (d, J=8.6, 1H), 7.62 (s, 1H), 7.57 (dd, J=8.7, J=1.7, 1H), 7.43 (d, J=7.7, 1H), 7.26 (td, J= 7.4, J=1.2, 1H), 7.17-7.14 (m, 6H), 6.99 (d, J=7.5, 1H), 4.95 (d, J=8.0, 1H) 4.78 (t, J=8.0, 1H), 4.67 (t, J=8.1, 1H), 4.37 (d, J=7.9, 1H) CH), 128.7 (2xCH), 128.3 (CH), 128.1 (CH), 127.8 (C), 127.7 (2xCH), 126.6 (CH), 125.7 (CH), 66.4 (CH, 3342, 2924, 1740, 1656, 1595, 1512, 1433, 1374, 1227, 1024, 749, 697 cm -1 . 1 H NMR (300 MHz, CDCl 3 ) 8.26 (s, 1H), 7.69 (d, J=8.1, 1H), 7.57-7.50 (m, 3H), 7.48 (t, J=7.7, 1H), 7.18-7.08 (m, 5H), 6.72 (d, J =8.8, 2H), 4.98 (d, J=8.1, 1H), 4.72 (t, J=7.9, 1H), 4.56 (t, J=7.9, 1H), 4.43 (d, J=8.0, 1H), 3.83 (s, 3H), 3.78 (s, 3H) , 69.97; H, 5.28; N. 5.44, Found C, 69.33; H, 5.36; N, 5.39 .
Methyl 4-(4-methoxybenzoyl)-3-(2-chloro-6-methoxyquinolin-3-yl)-5-phenylpyrrolidine-2-carboxylate (3f)
Yield 65%. R f (CHCl 3 ): 0.28. Mp 100-103 °C. IR (ATR) 3354, 2952, 1734, 1655, 1596, 1494, 1353, 1223, 1170, 907 (d, J=8.4, 1H), 7,90 (d, J=8.1, 1H), 7.73 (t, J=7.0, 1H), 7.61 (t, J=7.1, 1H), 7.30-7.45 (m, 5H), 4.85 (d, J=8.0, 1H), 4.51(t, J=8.0, 1H), 4.32 (d, J=7.9, 1H), 3.83 (s, 3H), 3.61 (dd, J=8.0, J=4.8, 1H) . 13 
